Heart failure and cardiomyopathies
AbstrAct
Objectives To evaluate whether repeated brain natriuretic peptide (BNP) measurements after percutaneous transluminal septal myocardial ablation (PTSMA) provide prognostic information regarding the response to PTSMA in patients with drug-refractory hypertrophic obstructive cardiomyopathy (HOCM).
Background Plasma BNP levels are associated with clinical outcomes in patients with HOCM. However, the prognostic value of plasma BNP level changes before and after PTSMA remains unclear. Methods We measured the plasma BNP levels serially before and after PTSMA, and evaluated the relationship between the changes in plasma BNP levels and clinical improvement in 47 patients. The patients were assigned to two groups based on the reduction in the New York Heart Association class ≥1 (good responder) or <1 (poor responder) before and after PTSMA. The Kansas City Cardiomyopathy Questionnaire (KCCQ) was used to measure health status.
Results The plasma BNP levels gradually decreased after PTSMA, although the levels plateaued 3 months until 12 months after PTSMA. Although the plasma BNP levels and resting left ventricular outflow tract peak pressure gradient before PTSMA were comparable between the groups, the ratio of the BNP levels before and after PTSMA in the good responder group was significantly lower than that in the poor responder group (0.43 (range, 0.24-0.68) vs 0.78 (range, 0.62-0.93), p=0.002). The KCCQ score changes in the good responder group were significantly higher than those in the poor responder group. Conclusions The plasma BNP level ratio was associated with long-term clinical improvement of heart failure after PTSMA for drug-refractory HOCM.
IntROduCtIOn
Brain natriuretic peptide (BNP) is mainly secreted from the left ventricle, and elevated blood BNP levels are caused by left ventricular (LV) wall stress. Plasma BNP levels have been demonstrated to be significantly associated with the clinical status of congestive heart failure, acute coronary syndrome, hypertrophic cardiomyopathy (HCM) and valvular disease, and also provide prognostic information regarding the response to pharmacological and interventional therapy. [1] [2] [3] [4] [5] [6] Previous studies showed that BNP is expressed in the ventricular myocytes in patients with HCM, with particularly high levels observed in patients with left ventricular outflow tract
Key questions
What is already known about this subject?
► Brain natriuretic peptide (BNP) is expressed in the ventricular myocytes in patients with hypertrophic cardiomyopathy, with particularly high levels observed in patients with left ventricular outflow tract obstruction and diastolic dysfunction. ► It is unclear whether BNP level is useful for evaluating the clinical improvement of heart failure after percutaneous transluminal septal myocardial ablation (PTSMA).
What does this study add?
► This is the first study to assess the time course of the plasma BNP levels after PTSMA up to 12 months, and the ratio of plasma BNP levels obtained from repeated measurements of the BNP level as compared with the single measurement of BNP, was associated with long-term clinical improvement of heart failure after PTSMA for drugrefractory hypertrophic obstructive cardiomyopathy.
How might this impact on clinical practice?
► The ratio of plasma BNP levels before and after PTSMA may provide better information for predicting the clinical outcomes, based on the individual haemodynamics. (LVOT) obstruction and diastolic dysfunction. [7] [8] [9] Percutaneous transluminal septal myocardial ablation (PTSMA) is one of the septal reduction therapies that relieve symptoms related to heart failure in patients with drug-refractory hypertrophic obstructive cardiomyopathy (HOCM). [10] [11] [12] A previous study showed that the in-hospital mortality after PTSMA was low, and that the haemodynamic and symptomatic effects were sustained in the long-term. 13 Patients with HOCM tend to have high levels of BNP and a single measurement of the BNP level may provide prognostic information. 6 However, the Valsartan Heart Failure Therapy trial showed that information obtained from repeated measurements of the BNP level was superior to the prognostic value of a single assessment 14 15 ; nevertheless, it is unclear whether the serial measurement of BNP levels before and after PTSMA is useful for evaluating the clinical improvement of heart failure after PTSMA. Therefore, in the present study, we aimed to evaluate whether the repeated measurements of plasma BNP levels can provide prognostic information regarding the response to PTSMA in patients with drug-refractory HOCM.
MetHOds ethics statement
All participants provided written informed consent prior to study participation.
study design
We included 54 consecutive patients with drug-refractory HOCM that were treated with PTSMA, and measured the plasma BNP levels between November 2011 and January 2016 at the Keio University Hospital. Of these patients, five were excluded because their plasma BNP levels could not be followed up until 1 year after PTSMA and two were excluded because they had the mid-ventricular obstruction type of HOCM. Thus, 47 patients were included in the final analysis (figure 1). All the patients underwent comprehensive clinical, echocardiographic and coronary angiographic evaluations at the Keio University Hospital.
Subjects underwent serial measurements of plasma BNP levels before and after PTSMA at 1, 3, 6, 9 and 12 months, along with an evaluation of the clinical outcomes. In the present study, the plasma BNP level before PTSMA was defined as the average of the last and second last values recorded before the session, both of which were measured within 3 months before the session. The ratio of plasma BNP levels before and after PTSMA was defined as the division of the plasma BNP level after PTSMA by the level before PTSMA, according to the time course of the plasma BNP levels during the follow-up period. Patients were divided into two groups based on whether they exhibited a reduction in the New York Heart Association (NYHA) class ≥1 (good responder) or <1 (poor responder) characteristics before and after PTSMA. The changes in the NYHA class before and after PTSMA were evaluated at 12 months to determine whether patients were good responders or poor responders.
PtsMA indications and procedure
The indication for PTSMA included the presence of severe drug-refractory symptoms (NYHA class III/IV, Canadian Cardiovascular Society class III/IV or NYHA class II symptoms with recurrent exercise-induced syncope) in combination with LVOT pressure gradients (PG) ≥30 mm Hg at rest or ≥50 mm Hg during provocation by the Valsalva manoeuvre or exercise. The procedure was offered to patients referred to our HOCM clinic with refractory symptoms despite being administered maximally tolerated medical therapy (beta-blockers, calcium channel blockers and cibenzoline or disopyramide), and those who were not candidates for surgical myectomy due to either the presence of comorbidities or patient preference. PTSMA was performed according to a previously reported protocol.
11 12 16 In brief, all patients without a previously implanted permanent pacemaker had a prophylactic temporary pacemaker inserted before the procedure. A 6 Fr femoral arterial sheath was inserted for the guide catheter system and a 5 Fr radial sheath was inserted for pigtail catheter placement into the LV cavity. Continuous invasive peak-to-peak gradients were measured across the LVOT by comparing the peak LV and aortic pressure. A septal perforating artery supplying the obstructing part of the septum was identified on coronary angiography and cardiac multidetector CT, and was chosen as the target vessel. After the occlusion of the septal target branch by an over-the-wire balloon, the perfused septal area was visualised by echocardiography, following the injection of 1-2 mL of echocardiography contrast medium. After all the patients received morphine chloride intravenously for pain control, absolute ethanol was slowly injected into the target vessel through a balloon catheter. The balloon was deflated and removed after 10 min. The occlusion of the target vessel was verified angiographically at the end of the procedure. All the patients were monitored in the coronary care unit after the procedure for at least 48 hours. Creatine phosphokinase (CK) levels were monitored at 8 hours interval for the first 24 hours, and daily thereafter for 2 days. All the patients Figure 1 Clinical characteristics of the patients included and excluded from the study. BNP, brain natriuretic peptide; HOCM, hypertrophic obstructive cardiomyopathy; MVO, midventricular obstruction; PTSMA, percutaneous transluminal septal myocardial ablation.
Heart failure and cardiomyopathies were followed up at least every 2 months after the PTSMA procedure at our clinic. echocardiography Echocardiograms were performed at the Keio University Hospital. Conventional echocardiographic analyses, including two-dimensional and Doppler imaging, were performed by technicians blinded to the patients' clinical information.
Clinical demographic data
Patient demographic data included the prevalence of concomitant diseases, history of invasive therapies and procedural data. The Kansas City Cardiomyopathy Questionnaire (KCCQ) is a 23-item, self-administered questionnaire that quantifies physical function, symptoms, social function, self-efficacy and quality of life for patients with heart failure. We used the KCCQ-12, which is a shortened version of the instrument that includes the psychometric properties of the full KCCQ, and helps measure health status in patients with heart failure. 17 The validity and reliability as well as the responsiveness to clinical changes of this questionnaire have been previously established. The range for this scale is 0-100; higher scores reflect better health status (symptoms, function and quality of life). [18] [19] [20] [21] We investigated all-cause mortality as well as new admission for heart failure, new requirement for invasive therapies including myectomy, repeated-PTSMA, permanent pacemaker implantation, stroke and cardiac death including sudden death during the short-term and longterm.
statistical analyses
Continuous variables are expressed as mean±SD unless otherwise specified. BNP is not normally distributed and is reported as median and lower upper quartile. Categorical variables are expressed as absolute values and percentages. The relationships between the ratios of BNP and of resting LVOT peak PG and the reduction in NYHA class, were estimated using Spearman's rank correlation coefficients. The relationship between the ratio of BNP and the ratio of resting LVOT peak PG was also estimated using Spearman's rank correlation coefficients. Receiver operating characteristic analysis was performed to assess the optimal cut-off values for the ratio of BNP levels before and after PTSMA according to the reduction in NYHA class ≥1. All the p values were two-sided. Results were considered statistically significant at a p value <0.05. All analyses were performed using IBM SPSS Statistics V.23 (IBM, Armonk, New York, USA).
Results

Baseline characteristics
A total of 47 patients were included in the final analysis (figure 1). The baseline characteristics of the participants are listed in table 1. The mean age was 68±12 years, and 46.8% of all patients were categorised as NYHA class III or IV. The median plasma BNP level was 389.9 pg/mL (range, 156.0-802.4 pg/mL).
Procedure and outcomes between good and poor responders
The details of the procedure and short-term and longterm outcomes are listed in table 2. Although volume of ethanol and Max CK values were significantly higher in the good responder group than in the poor responder group, there were no in-hospital deaths or deaths within 12 months of the procedure in the two groups. Although two patients developed ventricular tachycardia or ventricular fibrillation, and one patient required implantable cardioverter defibrillator implantation, none of the patients required repeated PTSMA or readmission for heart failure during the follow-up period.
time course of plasma BnP levels after PtsMA and differences in various parameters after PtsMA between good and poor responders The plasma BNP levels gradually decreased after PTSMA, but the levels plateaued at 3 months after PTSMA and continued until 12 months (figure 2). Therefore, we compared the plasma BNP levels at 3 months, and the ratio of plasma BNP levels between the good and poor responders. Although the plasma BNP levels following PTSMA at 3 months were comparable between the groups, the ratio of plasma BNP levels before and after PTSMA in the good responder group was significantly lower than that in the poor responder group (0.43 (range, 0.24-0.68) vs 0.78 (range, 0.62-0.93), p=0.002). This trend continued until 12 months after PTSMA Heart failure and cardiomyopathies ( figure 3) . Moreover, the ratio of BNP, before and 3 months after PTSMA, significantly correlated with NYHA class reduction (Spearman's ρ=−0.36, p=0.01). The resting LVOT peak PG measured by echocardiography, the proportion of moderate or severe mitral regurgitation (MR) and the left atrial diameter following PTSMA at 12 months were comparable between both the groups. The ratios of resting LVOT peak PG before and 6 and 12 months after PTSMA, were significantly correlated with NYHA class reduction (Spearman's ρ=−0.407, p=0.009, ρ=−0.409, p=0.023, respectively). However, the ratio of BNP before and 3 months after PTSMA was not correlated with the ratio of resting LVOT peak PG before and 6 and 12 months after PTSMA (Spearman's ρ=0.304, p=0.056, ρ=0.009, p=0.96, respectively). The NYHA class following PTSMA at 12 months was significantly lower in the good responder group than in the poor responder group (table 3) .
Cut-off value of the ratio of BnP related to good response of nYHA class reduction after PtsMA An area under the receiver operating characteristic curve value of 0.769 for the BNP ratio, and a BNP ratio of 0.66, was related to a reduction in NYHA class ≥1 with a sensitivity of 78% and specificity of 76%. When we divided the patients into two groups according to the cut-off value of 0.66 for the BNP ratio, the proportion of patients in the good responder group was significantly greater in the ratio of BNP <0.66 group compared with the ratio of BNP ≥0.66 group (75.9% vs 22.2%, p<0.001). Relationship between the ratio of BnP and change in the KCCQ score before and after PtsMA Change in the KCCQ score before and after PTSMA was significantly higher in the good responder group than in the poor responder group (figure 4).
dIsCussIOn
In the present study, we focused on the prognostic significance of the serial measurements of BNP before and after PTSMA, as well as the association between the ratio of BNP and clinical improvement after PTSMA for drug-refractory HOCM. To our knowledge, this is the first study to assess the time course of the plasma BNP levels after PTSMA up to 12 months, and the ratio of plasma BNP levels was associated with long-term clinical improvement of heart failure after PTSMA for drug-refractory HOCM. A previous study showed that the plasma BNP concentration reflects the intraventricular PG and LV diastolic dysfunction in patients with HCM. 7 Although PTSMA is an established treatment for resolving heart failure-associated symptoms in patients with drug-refractory HOCM, 13 22 23 factors that can predict long-term response to PTSMA have indicated inconclusive findings. In patients who underwent PTSMA, baseline comorbidities and age were found to be predictors of long-term symptomatic outcome and survival. 13 However, the background of the patients was not uniform at the individual level in the studies. The finding of the present study that the ratio of plasma BNP levels before and after PTSMA was closely associated with clinical improvement in heart failure did not depend on the patient background, and may hence be more readily applied in clinical settings. Furthermore, even though the plasma BNP levels may vary according to patient background and haemodynamics, 2 the ratio may offer superior information regarding the effect of PTSMA on haemodynamics before and after PTSMA.
In support of our hypothesis, the BNP levels before and after PTSMA at 3 months also did not predict the degree of improvement in heart failure-associated symptoms after PTSMA, whereas the ratio of BNP before and after PTSMA was closely associated with clinical improvement in heart failure.
The findings of the serial measurements of BNP levels in the present study were useful in evaluating the response to PTSMA, and were consistent with findings of previous studies of patients with heart failure. 24 25 A previous study demonstrated that the absolute natriuretic peptide N-terminal (NT)-proBNP levels are not necessarily correlated with the heart failure clinical disease severity score that reflects the clinical status; however, changes in NT-proBNP levels during the follow-up period are correlated with the changes in the clinical status. 24 In the ProBNP Outpatient Tailored Chronic Heart Failure Therapy study, a substantial reduction in the NT-proBNP levels was accompanied by a significant reduction in a composite outcome, including worsening heart failure, hospitalisation for heart failure and cardiovascular death, whereas improved outcomes were accompanied by significantly better patient-reported quality of life. 25 As indicated in the present study and previous studies, serial measurements of the BNP or NT-proBNP levels can offer superior prognostic information as compared with that presented by the single measurement of either parameter. 14 15 Rigopoulos and Seggewiss suggested that the progression of histological changes affects the haemodynamic response after PTSMA, which occurs in three separate phases: perioperative, early postoperative and late postoperative. The first phase is characterised by akinesia of the ablated septum with significant LVOT gradient decrease. In the following few months, the thinning of the ablated septum will cause a further decrease in the LVOT gradient and concomitant MR. 26 Consistent with the above-mentioned histological changes after PTSMA, in the present study, the plasma BNP levels 1 month after PTSMA remained high, even though the levels subsequently decreased. These decreasing plasma BNP levels then plateaued at 3 months after PTSMA. Hence, knowledge of the time course of BNP levels after PTSMA is important. Although the importance of the serial measurements of BNP before and after PTSMA was showed, our study also confirmed that a significant decrease in LVOT peak PG was associated with improvement of heart failure symptoms after PTSMA, as a previous study demonstrated. 10 If a patient exhibits an insufficient decrease in the BNP levels at 3 months after PTSMA, physicians should consider an assessment of the clinical status, and lifestyle adherence, or the need for further invasive therapy, including repeated PTSMA.
Previous studies have suggested that the KCCQ summary scores are roughly correlated with the NYHA functional class. The KCCQ has undergone extensive validation and has been shown to independently predict mortality and health-related quality of life in heart failure Heart failure and cardiomyopathies populations. Consistent with previous reports, 25 27 28 a significant change in the KCCQ score before and after PTSMA was observed in the good responder group in the present study, although no such change was observed in the poor responder group.
Several registries have demonstrated that PTSMA could improve long-term prognosis. 13 22 29 30 However, satisfactory results were not observed in all patients who underwent PTSMA. The LVOT PG on echocardiographic analysis is not always related to heart failure symptoms in HOCM, as the symptoms may be associated with LV obstruction and with the diastolic function, coexistence of atrial fibrillation and degree of MR. The ratio of plasma BNP levels before and after PTSMA may provide better information for predicting the clinical outcomes, based on the individual haemodynamics. study limitations Our study population was of limited size, although truly drug-refractory HOCM patients are relatively uncommon. However, serial measurements of the BNP levels over 12 months were performed, and the PTSMA technique was consistent among these patients. A previous report showed that a consistent PTSMA technique was important and was associated with superior outcomes with alcohol septal ablation. 31 Therefore, our study used a uniform study platform, thus making it possible to collect reliable data and reducing the limitations of a limited sample size. The present results may not be generalisable to the global HOCM population, as the patients were treated at a hospital with extensive experience in treating HOCM. In addition, this study showed selection bias, as we selected patients with HOCM who were suitable for PTSMA. A larger study is needed to elucidate the profound relationship between the ratio of BNP and heart failure symptoms before and after PTSMA. Our findings might provide a more careful and convenient follow-up method after PTSMA and act as a foundation for future large cohort studies focused on the relationship between the BNP ratio and septal reduction therapy.
COnClusIOns
To our knowledge, this is the first study to show the time course of plasma BNP levels after PTSMA until 12 months, and the ratio of plasma BNP levels was associated with long-term clinical improvement of heart failure after PTSMA for drug-refractory HOCM.
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